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If the grid voltage is continuously increased in positive value 
there will be a point reached where the plate current will cease 
to increase * This is termed the point of saturation. By the term, 
"point of saturation", we mean that, provided the filament voltage 
and plate voltage are kept at a constant value, any further increase 
in positive potential value on the grid will not increase the plate 
current flow. This is indicated by the flattening of the curve at 
point S and is called the point of saturation. When the positive 
potential of the grid is further increased the current flowing in 
the circuit may start to decrease. This is caused by the fact that 
the grid has become so highly positive that it robs the plate of 
electrons which otherwise would have passed to ,the plate. 

GRID CURRENT' 

When the grid is made positive it is obvious from the law, "unlike 
charges attract", that the grid will attract the electrons to itself 
from the filament just as a positively charged plate will attract 
electrons. Since a movement or flow of electrons constitutes a flow 
of current it is evident that, with the grid positive, there will be 
a flovi of electrons or current in the grid and through any circuit 
connected to the grid. 

A large grid current flow is not desirable in the radio circuit and 
means are taken to keep it down to a minimum value which will be ex¬ 
plained later. The only function intended of the grid is to control 
the current flow in the plate circuit. When current flows in the 
grid it must be subtracted from the current that would normally flow 
in the plate circuit since both the grid and plate current originate 
from the•electrons emitted by the filament. It is seen, then, that a 
positive grid tends to rob the plate of electrons and sets up a current 
in the grid circuit performing no useful work and reduces the plate 
current flow. A small grid current is put to useful purpose, as ex¬ 
plained in detector action. Grid current is practically prevented 
by maintaining the grid negative through the use of what is termed 
a grid biasing battery, commonly called the "C" battery, and placing 
it in the grid circuit with its negative pole connected to the grid. 

Curves "B n and "C" of Figure 1 differ only from curve n A" in that 
curve "B" indicates 40 volts used on the plate while in curve C 
eighty volts was applied. 

In all three curves the same filament voltage was maintained, the 
general form of all the curves being practically the same. 

THE VACUUM TUBE AMPLIFIER 

Before taking up the action of the vacuum tube employed as a detector 
we will consider it as an amplifier for the reason that its fundamental 
actions are more easily understood. We will, for this purpose, use a 
vacuum tube circuit with supplementary curves to describe the action 
as we proceed. 
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Figure 2 represents a circuit which v/e will use to describe the 
principle of the tube as an amplifier* It was explained that when 
a positive voltage is placed on the grid the resulting flow of plate 
current will also assume a certain increased value. When, however, 
the grid voltage is changed the plate current will also make a corre¬ 
sponding change, the exact amount depending upon the characteristics 
of the tube. The tube acting as an amplifier should operate on the 
straight portion of the characteristic curve or the part of curve A, 
of Figure 1, between D and E. 




Figure 3 

Now let us return to Figure 2. When an incoming Radio wave is impressed 
on coil LI through induction by coil L the wave will alternate and the 
oscillations composing this wave will be regular oscillations, that is, 
each oscillation will alternately vary from a positive to a negative 
value. When the wave is made up of continuous oscillations the posi¬ 
tive value may be considered practically equal to the negative value. 

In the damped wave, however, each half oscillation will be somewhat 
less than the preceeding half oscillation. We will consider the wave 
to be a continuous one. When it is impressed upon coil LI it will 
introduce in the grid circuit of the tube an alternating current. This 
will cause the grid to become positive one instant and negative the 
following instant. When positive, an increased plate current flows 
and, when negative, the plate current will decrease. This action is 
shown by the curve Figure 3. 

By carefully studying this curve it will be seen that, because the 
grid voltage varies equally, the increases of current in the plate 
circuit are followed by decreases of equal magnitude. 

In Figure 3 the zero voltage line is shown intersecting the charac¬ 
teristic curve at its mid-point A. When an alternating current 
B C G F K, and so on to Z, which is representing the incoming v/ave, 
is impressed on the grid, the tube will operate over that portion 
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of* the characteristic curve between the points D and E. This, you 
will observe, is on the straight portion of the curve, and the distance 
DA will be equal to AE. 

B G G, which is the positive half of the incoming signal wave will 
"therefore produce a plate current variation shown by the letters 
H I J, while the negative half of the signal wave G F K will produce 
a plate current variation J M N which will be equal but opposite to 
H I J® These variations of plate current produce a plate current of 
a pulsating nature as shown between points H and P, the form of which 
will be exactly similar to the form Of the incoming signal wave, 

B C G F K® The amplitude, however, will be different in that the 
variations of plate current will have a much greater amplitude than 
that of the incoming signal which was impressed on the grid. 


The fundamental idea of amplification is that, for a given^variation 
in arid voltage, there will be a greater, or amplified variation xn 
the plate current. The plate variations, although greater in amplitude 
than the grid variations, will be exactly similar in form. 


CONTINUOUS WAVE TRAIN 
RECEIVED IN ANYENNA CIRCUIT 

fVW 


VARYING GRID VOLTAGE 
PRODUCED BY INCOMING WAVE 


PLATE CURRENT 
VARIATIONS 

Yvxrvxr 


Figure 5 


Figure 4 

For a given grid voltage the plate current has a given strength while 
operating on the straight portion of the curve. If the characteristic 
of the tube, however, is such that the curve will have a steep slope 
at the operating point, as shown by the curve of Figure 4, then the^ 
variation of the plate current would be quite large for a given vari¬ 
ation of the grid voltage. 


The magnitude of amplification will depend in part upon the charac¬ 
teristics of the particular tube to be used and also upon the voltage 
charge applied to the grid. The applied grid voltage can be controlled 
by the operator of the receiver but the amplifying factors of the tube, 
that is, the amplification constant is entirely dependent upon the de¬ 
sign of the tube itself. 

In reference to the varying plate current it is desirable to make 
clear at this time that, although the plate current varies constantly 
and regularly, it cannot be called an alternating current because it 
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does not have negative values. It has only successively large and 
small positive values. 

Suppose we use the tube as an amplifier with a plate potential of 
twenty volts. Inspection of curve A of Figure 1 will bring out the 
fact that, with the grid normally at zero potential, the plate 
current variation will not be as large as in the previous case of 
Figure 3 due to the smaller slope of the curve at point D. It must 
be remembered that, for best results in amplification, we must work 
on the steep part of the curve. 

The variations of current through the different circuits can now be 
shown by the graphs A, B, and C in Figure 5. 

Graph A represents a continuous wave train being received in the 
antenna circuit. This induces a current in the grid circuit LI of 
Figure 2. The varying voltage applied to the grid is shown by graph 
B # This varying grid voltage will cause the plate current to vary 
as represented in graph C. 

In graph C special note should he taken of the variation of the plate 
current for it shows the current starting at some fixed positive value 
and varying from greater to lesser positive values. This varying plate 
current! on passing through the primary winding L2 of the transformer 
in Figure 2, induces in the secondary L3 an alternating B.M.F. which 
sets up an alternating current flow in the grid circuit of the second 

tube. 

The plate current through L2 of the first tube is greater than the grid 
current induced in LI of the same tube. By using the transformer to 
transfer energy from L2 to L3 the voltage impressed on the second tube 
will then be much greater than that on the first tube. The character 
of the variations, however, will remain the same as those of the first 

tube. 

THE TUBE DETECTOR 

The purpose of the vacuum tube as a detector is to rectify the radio 
frequency currents collected by the receiving aerial. 

The vacuum tube may be used in two ways to obtain rectification (de- 
tectionjr One of these methods is to connect the tube in the circuit, 
and adiust the grid, plate, and filament voltages to the extent that 
the normal operation will occur at the bend of the characteristic curve 
of the tube, and it is thus utilized to obtain detection. This is 
called the plate current method of rectification. 

The other method in .which the tube may be used as a detector is to in- 

STSJ^S ?5S2£i 

in the grid voltage are applied when operating at the ben 
characteristic curve. 
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In Figure 6 we have a grid voltage plate current curve which is^simi¬ 
lar to the curves shown in Figure 1* This curve has been explained 
and it shows the change in plate current for a given change m grid 
voltage• 


We will now assume that the grid is biased at two volts negative* 
The normal plate current is indicated by the horizontal line P.G, 
which we have arbitrarily assumed to represent .2 milliamperes. A 
continuous radio wave is. now impinged upon the antenna, setting up 
therein an alternating E*M.F. which in turn causes an alternating 
F M*F. to be impressed upon the grid of the tube through suitable 
coupling devices« This incoming signal wave is clearly shown m 
Figure 6 along the grid voltage line. 


NORMAL 
OPERATING 
POINT X 


^RECTIFIED PLATE CURRENT 


NEGATIVE HALF/ 
OF ANTENNA 
CURRENT WAVE 


~ 4 3 2 10 1 2 3 4 + 6RI0 VOLTAGE 

[aif/L— —positive HALF 

ft '-OP &NTFNNA 


-OF ANTENNA 
CURRENT WAVE 


—GRID VOLTAGE LINE 


Figure 6 

The incoming signal wave will have a certain voltage which is alter- 
nating first positive and then negative and xt will add to_or subtract 
from the voltage already on the grid. When no signal wave is being re¬ 
ceived the grid voltage is normally 2 volts negative shown by^the grid 
voltage line which intersects the characteristic curve at X, . At 
this point of intersection a horizontal line, P.C., is drawn parallel 
to the "X" axis indicating the normal plate current flow with the grid 
at 2 volts negative. The incoming signal wave is now impressed upon 
the grid and/as sh«, is of equal amplitude on both sides of the grid 
voltage line. The maximum amplitude of this wave is shown to the left 
of the grid voltage line of negative two volts and it will decrease the 
negativf charge already on the grid to 4 volts negative. Following the 
dotted line from the maximum point of the amplitude it will intersec 
the curve at "D", and the horizontal dotted line drawn parallel to the 
X axifshows the value of the plate current flowing when the grid 
at 4 volts negative potential. The grid voltage was made moie negative, 
as jult staged, by the negative voltage of the incoming wave being added 
to the negative charge already on the grid. 
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neeatwe amplitude of the wave now begins to decrease and. on 
» W voltage line 

c^e theiiate currlnft: increase as represented by the curve 
between points D to the normal operating point of the £^ve^X^. 

The wave now increases in amp 1 | volts negative charge reduc- 

i^ e it b toiero S w«h a resulting plate .current increase represented 

by ’"E" of the Scorning si|nal waves, 

curve will follow exactly ™ olate current impulses, as 

which is shorn byFGH J K etc. above the 'normal 

iH 0 :hh e ^: 

the incoming signal wave is equal p roduoe this result, 

line. Because the changes of the grid voltage P current recti- 

srzs&zf^.. 


GRID PLATE 


GRID PLATE 




Figure 7 


Figure 8 
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of rectification would be obtained* 

BIASING METHODS 

Biasing tile grid jjt ^^S^SSSnTbSSiS^S !h£X »££ 

OgggifMKSSiis:” 

When the potentiometer arm is moved to the right it will place^ 
positive bias on the grid and moving itj^the | hioh 

Sffrd Tin opportunity^? or^the operator to shittthe operating point 
at will until the best point of detection is found. 
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Another method of placing a bias on the grid is to use a hissing 
battery, called the "C" battery. The detector circuit m Figure 8 
shows how the "c" battery is connected to bias the grid. This method 
"does not allow as fine an adjustment as the potentiometer because the 
operator can only vary the grid voltage by the number of taps brought 
out on the "C" battery and, in general, the taps are in one and one 

half volt steps. 

Although the biasing methods just described may be used, they have 
been replaced in practically all radio broadcast receivers by con¬ 
necting the grid return directly to either the positive or negati e 
side of the filament, depending upon the type of tube used, that is, 
whether a highly evacuated or hard tube, or a gas filled or soft tube. 

-!- 7 
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'-TUNED CIRCUIT /|C t 

Fi ^ Ure 9 ^ Figure 10 

Tt is desirable v/hen a hard tube is used as a detector to connect the 
grid return directly to the positive side of the filament. Afhen using 

l soft tube such as the old UV-200 as a detector or th ®. n ^. ^to°the 
it is then considered best to connect the grid return directly to the 
negative side of the filament. The grid is maintained positive when 
connected to the positive side of the filament circuit negative 

when connected to the negative side of the filament. 

GRID CURRENT RECTIFICATION 

’tacSuS tube detector^ af shown °^^t ^ec?i- 

^rV^rld^ad! "^r^gnafw^e ^S^eLive^ the J 
denoei in Lne y -lu x n p u hAtterv will be of a constant value 

plate potential supplied by the B battery wui uv v± , current 

xMth a steady current flow in the plate circuit. Practically no current 

will flow in the grid circuit because the grid is insulated from t 
filament by the small grid condenser. 

operation) will be that corresponding to a zero current m the grid 
circuit. 
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We will now assume,that ^ antenna is energi.ed hy a^^ped^wave^ 

The wave will he packed up by the antenn^and wil ^ 

inductance coil L, and°° ™auA 10. Current will now flow through 

SeVid condenser %o^the ^if&ig* there on an alternating positive 
and negative charge. 

”Sn.«‘ofris 

srss-.srsr^«sg^—ss-. 

making the grid negiatxve this time aa *hown i elfctrons emitted by 
fS^i-SK'S S,”55, 1 V%Sfir J c^iv., and onnrant non 
in the elate circuit is reduced. 

■ L1A x Ainr.ATivF n 


CONDENSER. 


+ S 15- 


grid ' 

CONDENSER. 


NEGATIVE CHARGE 



>■ -1 V | INCOMING OSCILLATIONS ||^ 

- - - - Figure 11B 

Figure 11A Figure 12 Figure 13 

During the negative half cycle, grid, 

it accumulated during the posi huilt up gradually on the grid, 

every cycle the negative “bual<t up Sraaua^iy^ ^ , g 

Such a condition is suggest S Each half . oscillation causes 

to decrease the Plate curre ^’previous ones making the grid 
mfre^fiore negative a nd the plate current will therefore continue 
to decrease. 

It is undesirable to have the grid ^ 0 -“ permanently retain the f 
negative charge it has accumulated during the^successi ^y Aftw . 

the first incoming wave train sho 7 e ’ ns ® us t he provided 

the damped oscillations have??omtheg?id and thus re- 

s^re^he'g^d to itforigins! condition of zero grid voltage before 
the next wave train arrives. 

in the earlier types of ^hes considerable^gas was P^sent^in the 

tube due to the fact S fphis sas formed a high resistance 

be successfully accomplished. er ia S charge could pass to the fila- 

path over which the ^^^ori^/thegrid to its condition of zero 

train was impressed upon it. 
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CURRENT IN GRID CIRCUIT 


With modern vacuum pumps the tubes are more highly exhausted and it 
becomes necessary to orovide a circuit which will allow the grid 
accumulation to escape. This is accomplished by placing a‘high re¬ 
sistance in parallel with the grid condenser. This high resistance 
is called a grid leak. Figure 10 shows how it is connected around 
the grid condenser. 

Let us review the foregoing statements now in order to better under¬ 
stand the part the grid leak plays. 

A i n Figure 13 the incoming wave train, acting 

+ _I A ft fly.-& alternately positive and negative on the grid 

_ \|l/v yU u 0 f the tube, has caused a large accumulation 

incoming oscillations of negative charges on the grid which con¬ 

tinues all through the series of oscillations 
comprising one wave train of the signal. 

+ __ B Electrons cannot escape to the filament through 

the vacuum for we are considering our tube to be 
current in grid circuit highly exhausted, or a hard tube, with little or 

no gas present. Electrons cannot flow through 
the grid condenser back to the filament because 
+ _ __ _ c a condenser will not pass direct current, and the 

- ^A/utTl V\ A/v 7 electrons are potentially direct current. They 

j j grid voltage can, however, leak away and return to the filament 

through the high resistance grid leak we have 
placed in parallel with the grid condenser. The 

_ resistance of this leak varies from a million to 

+ v/ f five million ohms and higher values and offers 

■■-~“ D considerable opposition to the movement of the 

plate current variations acoumu lated grid charge. Because of this high 

resistance all during the increasing voltages 
of one wave train of the incoming signal the 

k /-\ /— grid becomes more and more negative. The^nega- 

+ __e tive charge accumulates faster than the high 

- average current in telephones resistance grid leak will allow it to pass off 

WHICH ALSO SHOWS MOTION , « . n Qyn(ar> 4- 

OF TELEPHONE DIAPHRAGM tO IliaillCUU* 

Figure 14 

The value of the grid leak in ohms depends upon the size of the charge 
accumulating on the grid, the characteristics of the circuit, and the 
tube used as a detector. It should be sufficiently great to prevent 
the grid condenser from totally discharging before the incoming oscil¬ 
lations of any one group of signals have been completed, and sufficient¬ 
ly small to allow the completed charge to leak off between the groups 

of oscillations. 

When the value of the leak is too small the grid condenser will not 
charge fully thus decreasing the efficiency of the tube and, if too 
large in value, it will amount to the same as no grid leak at all. For 
example, in a circuit having no leak and receiving a large charge the 
charge may jump to the filament through surface leakage across the grid 
condenser, or it may take place across the insulation of tne tube socket, 
rpvin q win nroduce a PUTT PUTT PUTT sound in the telephones , occurmg 
periodically as each charge accumulates and discharges This may happen, 
as stated above, if the grid leak resistance is too high or If no grid 
leak is used. 


j | GRID VOLTAGE 
*nV| N0 ,C/VTINfr TIME 


PLATE CURRENT VARIATIONS 


AVERAGE CURRENT IN TELEPHONES 
WHICH ALSO SHOWS MOTION 
OF TELEPHONE DIAPHRAGM 
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